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around a rotation axis extending in a left-right direction. The
rotation axis 1s located on a lower side of the battery-
mounting part.
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1
WORK TOOL

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a D1visional Application of U.S. patent application

Ser. No. 16/564,103 filed Sep. 9, 2019, which claims priority
to Japanese patent application No. 2018-169241 filed on
Sep. 10, 2018, Japanese patent application No. 2018-169242
filed on Sep. 10, 2018, and Japanese patent application No.
2019-114096 filed on Jun. 19, 2019. The contents of the
foregoing applications are fully incorporated herein by ret-
erence.

TECHNICAL FIELD

The present imnvention relates to a work tool configured to
linearly reciprocate a tool accessory.

BACKGROUND ART

A hand-held work tool (a so-called reciprocating tool) 1s
known which performs an operation on a workpiece by
linearly reciprocating a tool accessory along a specified
driving axis by power of a motor. In the reciprocating tool,
vibration 1s caused during the operation 1n a tool body which
houses a driving mechanism. The vibration 1s caused mainly
in a direction of the driving axis. Therefore, for example,
U.S. Unexamined Patent Application Publication No. 2017/
03686773 discloses a reciprocating tool (hammer drill) which
includes a tool body and a handle whose upper end portion
1s connected to the tool body via a wvibration damping
mechanism.

SUMMARY

In the reciprocating tool having the above-described
structure, further improvement may be desired to suppress
transmission of vibration to a grip part.

It 1s, accordingly, an object of the present disclosure to
provide a technique which may help suppress transmission
of vibration to a grip part 1n a work tool which 1s configured
to linearly reciprocate a tool accessory.

According to an aspect of the present disclosure, a work
tool 1s provided which 1s configured to perform an operation
by driving a tool accessory. This work tool includes a motor,
a driving mechanism, a body housing and a handle. The
driving mechanism 1s configured to perform an operation of
linearly reciprocating the tool accessory along a driving axis
by power of the motor. The driving axis extends 1mn a
front-rear direction of the work tool. The body housing
houses the motor and the driving mechanism. The handle
includes a grip part and a battery-mounting part. The grip
part extends substantially 1n an up-down direction crossing,
the driving axis. The battery-mounting part 1s provided on a
lower side of the grip part and configured to removably
receive a battery. An upper end portion of the handle 1s
connected to a rear end portion of the body housing via an
clastic member so as to be movable relative to the body
housing. A lower end portion of the handle 1s connected to
the rear end portion of the body housing so as to be rotatable
around a rotation axis relative to the body housing. The
rotation axis extends in a left-right direction. The rotation
axis 1s located on a lower side of the battery-mounting part.

According to another aspect of the present disclosure, a
work tool 1s provided which 1s configured to perform an
operation by driving a tool accessory. This work tool
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includes a motor, a dnving mechanism, a body housing, a
handle and a battery. The driving mechanism 1s configured
to perform an operation of linearly reciprocating the tool
accessory along a driving axis by power of the motor. The
driving axis extends in a front-rear direction of the work
tool. The body housing houses the motor and the driving
mechanism. The handle includes a grip part and a battery-
mounting part. The grnip part extends substantially in an
up-down direction crossing the driving axis. The battery-
mounting part 1s provided on a lower side of the grip part.
The battery 1s removably mounted to the battery-mounting
part. An upper end portion of the handle 1s connected to a
rear end portion of the body housing via an elastic member
so as to be movable relative to the body housing. A lower
end portion of the handle 1s connected to the rear end portion
of the body housing so as to be rotatable around a rotation
axis relative to the body housing. The rotation axis extends
in a left-right direction. The rotation axis 1s located on a
lower side of a center of gravity of the handle with the
battery mounted thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a right side view of a hammer dnll.

FIG. 2 1s a sectional view of the hammer drill.

FIG. 3 1s a right side view of a handle with a battery
mounted thereto.

FIG. 4 1s a sectional view of the handle with the battery
mounted thereto.

FIG. 5 1s a sectional view taken along line V-V 1n FIG. 4.

FIG. 6 1s a sectional view taken along line VI-VI 1n FIG.

2.

FIG. 7 1s a sectional view taken along line VII-VII 1n FIG.
6 and showing the hammer drill when the handle 1s located
in a rearmost position.

FIG. 8 1s a sectional view corresponding to FIG. 7 and
showing the hammer drill when the handle 1s located 1 a
foremost position.

FIG. 9 1s a sectional view taken along line IX-IX 1n FIG.
2.

FIG. 10 1s a block diagram showing an electrical con-
figuration of the hammer drill.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

An embodiment 1s now described with reference to the
drawings. In the following embodiment, a hammer drill 1 1s
described as an example of a work tool which 1s configured
to perform an operation by linearly driving a tool accessory
91. The hammer drill 1 1s configured to perform an operation
(heremaftter referred to as a hammering operation) of lin-
carly reciprocating the tool accessory 91 coupled to a tool
holder 39 along a specified driving axis Al, and an operation
(hereinafter referred to as a drilling operation) of rotationally
driving the tool accessory 91 around the driving axis Al.

First, the general structure of the hammer drill 1 1s
described. As shown 1n FIGS. 1 and 2, an outer shell of the
hammer drill 1 1s mainly formed by a body housing 10 and
a handle 15.

The body housing 10 mainly includes a driving-mecha-
nism-housing part 11 which houses a driving mechamsm 3,
and a motor-housing part 12 which houses a motor 2. The
body housing 10 is generally L-shaped as a whole 1n a side
VIEW.

The driving-mechanism-housing part 11 has an elongate
box-like shape and extends along the driving axis Al. A tool
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holder 39 i1s provided in one end portion of the driving-
mechanism-housing part 11 1n the driving-axis-Al direction.
The tool holder 39 1s configured such that the tool accessory
91 1s removably coupled thereto. The tool holder 39 is
supported by the driving-mechanism-housing part 11 so as
to be rotatable around the driving axis Al. Further, the tool
holder 39 1s configured to hold the tool accessory 91 such
that the tool accessory 91 cannot rotate and can linearly
move 1n the driving-axis-Al direction. The one end portion
of the dnving-mechanism-housing part 11 1n which the tool
holder 39 1s housed has a generally cylindrical shape. An
auxiliary handle 95 may be removably mounted to an outer
periphery of this cylindrical part.

The motor-housing part 12 1s fixedly connected to the
other end portion of the driving-mechanism-housing part 11
in the driving-axis-Al direction so as to be immovable
relative to the driving-mechanism-housing part 11. The
motor-housing part 12 protrudes from the driving-mecha-
nism-housing part 11 1n a direction crossing the driving axis
Al and away from the driving axis Al. The motor 2 1s
disposed within the motor-housing part 12 such that a
rotation axis ol a motor shait 25 extends in a direction
crossing (specifically, oblique to) the driving axis Al.

In the following description, for convenience sake, an
extending direction of the driving axis Al 1s defined as a
front-rear direction of the hammer drill 1. In the front-rear
direction, one end side of the hammer drill 1 on which the
tool holder 39 1s disposed 1s defined as a front side (also
referred to as a front-end-region side) of the hammer drill 1,
and the opposite side 1s defined as a rear side. Further, a
direction which 1s orthogonal to the driving axis Al and
which corresponds to an extending direction of the rotation
axis of the motor shait 25 1s defined as an up-down direction
of the hammer drill 1. In the up-down direction, a direction
toward which the motor-housing part 12 protrudes from the
driving-mechanism-housing part 11 1s defined as a down-
ward direction, and the opposite direction 1s defined as an
upward direction. Further, a direction which is orthogonal to
the front-rear direction and the up-down direction 1s defined
as a left-right direction.

The handle 15 1s generally C-shaped as a whole 1n a side
view. Both end portions of the handle 15 are connected to the
body housing 10. The handle 15 includes a grip part 16 to be
held by a user. The grip part 16 1s arranged to be spaced
rearward apart from the body housing 10. The grip part 16
extends substantially in the up-down direction crossing the
driving axis Al. A trigger 161, which can be depressed by a
user, 1s provided in an upper front end portion of the grip part
16. A battery-mounting part 171 1s provided on the lower
side of the grip part 16. A rechargeable battery (battery pack)
93, which i1s used as a power source of the motor 2, may be
removably mounted to the battery-mounting part 171. In the
hammer drill 1, when the trigger 161 1s depressed, the motor
2 1s driven, so that the hammering operation and/or the
drilling operation may be performed.

The structure of the hammer drill 1 1s now described in
detail.

First, the internal structure of the body housing 10 (the
driving-mechanism-housing part 11 and the motor-housing
part 12) 1s described.

As shown 1n FIG. 2, the driving-mechanism-housing part
11 1s a portion of the body housing 10 which extends along
the driving axis Al in the front-rear direction, as described
above. The driving mechanism 3 1s housed 1n the driving-
mechanism-housing part 11. The driving mechanism 3 1s
configured to drive the tool accessory 91 by power of the
motor 2. In the present embodiment, the driving mechanism
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3 includes a motion-converting mechanism 30, a striking
mechanism 36 and a rotation-transmitting mechanism 37.
The motion-converting mechanism 30 and the striking
mechanism 36 are configured to perform the hammering
operation of linearly driving the tool accessory 91 along the
driving axis Al. The rotation-transmitting mechanism 37 1s
configured to perform the drilling operation of rotationally
driving the tool accessory 91 around the driving axis Al. The
structures of the motion-converting mechanism 30, the
striking mechanism 36 and the rotation-transmitting mecha-
nism 37 are well known and therefore briefly described
below.

The motion-converting mechanism 30 1s configured to
convert rotation of the motor 2 mto linear motion and to
transmit 1t to the striking mechanism 36. In the present
embodiment, the motion-converting mechanism 30 with a
swinging member 33 1s adopted. The motion-converting
mechanism 30 includes an intermediate shaft 31, a rotary
body 32, the swinging member 33 and a piston cylinder 35.
The intermediate shaft 31 1s disposed below the driving axis
Al to extend in parallel to the driving axis Al (in the
front-rear direction). The rotary body 32 1s disposed onto an
outer periphery of the intermediate shait 31. The swinging
member 33 1s mounted on an outer periphery of the rotary
body 32 and caused to swing 1n the front-rear direction by
rotation of the rotary body 32. The piston cylinder 35 has a
bottomed circular cylindrical shape. The piston cylinder 35
1s supported within a circular cylindrical sleeve 34 so as to
be movable in the front-rear direction. The piston cylinder
35 1s caused to reciprocate in the front-rear direction by the
swinging movement of the swinging member 33. The sleeve
34 1s coaxially and integrally connected to a rear portion of
the tool holder 39. The tool holder 39 and the sleeve 34
which are integrally connected together are supported to be
rotatable around the driving axis Al.

The striking mechanism 36 1s configured to linearly move
and strike the tool accessory 91 so as to linearly drive the
tool accessory 91 along the driving axis Al. In the present
embodiment, the striking mechamism 36 includes a striking
clement 1n the form of a striker 361 and an intermediate
clement 1n the form of an impact bolt 363. The striker 361
1s disposed within the piston cylinder 35 so as to be slidable
in the dniving-axis-Al direction. An internal space of the
piston cylinder 35 behind the striker 361 1s defined as an air
chamber which functions as an air spring. The impact bolt
363 1s disposed within the tool holder 39 so as to be slidable
in the driving-axis-Al direction.

When the motor 2 1s driven and the piston cylinder 35 1s
moved forward, air 1n the air chamber 1s compressed and the
internal pressure increases. Therefore, the striker 361 1is
pushed forward at high speed and collides with the impact
bolt 363, so that the kinetic energy 1s transmitted to the tool
accessory 91. As a result, the tool accessory 91 1s linearly
driven along the driving axis Al and strikes a workpiece. On
the other hand, when the piston cylinder 35 1s moved
rearward, the air in the air chamber expands and the internal
pressure decreases, so that the striker 361 1s retracted
rearward. The tool accessory 91 1s moved rearward when
pressed against the workpiece. By repeating such operation,
the motion-converting mechanism 30 and the striking
mechanism 36 perform a hammering operation.

In the present embodiment, an 1dle-driving-prevention
mechanism 38 1s disposed within the tool holder 39. The
idle-driving-prevention mechanism 38 1s configured to pre-
vent an 1dle driving operation. Prevention of the idle driving
operation used herein means preventing the striker 361 from
reciprocating when the tool accessory 91 1s not coupled to
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the tool holder 39 or when the tool accessory 91 1s not
pressed against the workpiece, that 1s, when no load 1s
applied. Such a state 1s hereinaiter referred to as an unloaded
state.

The 1dle-driving-prevention mechanism 38 of the present
embodiment includes a holding member 381 and an O-ring
383. The holding member 381 1s an elastic member which
may be disposed around the striker 361. The O-ring 383 1s
disposed 1nside a rear end portion of the holding member
381. Although not shown in detail, when a load 1s applied by
the tool accessory 91 being pressed against the workpiece
(such a state 1s hereiafter referred to as a loaded state), a
rear end portion of the impact bolt 363 1s pushed into a
rearmost position and placed within the O-ring 383. If the
motor 2 continues to be driven even 1n the unloaded state, as
shown 1n FIG. 2, a front end portion of the striker 361 1s
pushed forward and fitted into the O-ring 383. The striker
361 1s gripped by the O-ring 383 and held 1n 1ts foremost
position. In this manner, the i1dle driving operation can be
prevented. Gripping of the striker 361 by the O-ring 383 (in
other words, the function of preventing the idle drniving
operation) 1s released when the impact bolt 363 1s pushed to
the rearmost position by the tool accessory 91 being pushed
into the body housing 10.

The rotation-transmitting mechanism 37 1s configured to
transmit rotation of the motor shaft 25 to the tool holder 39.
In the present embodiment, the rotation-transmitting mecha-
nism 37 1s configured as a gear speed reducing mechanism
including a plurality of gears. Rotation speed of the motor 2
1s appropriately reduced by the rotation-transmitting mecha-
nism 37 and then transmitted to the tool holder 39.

The hammer drill 1 of the present embodiment 1s config-
ured such that any one of three operation modes of a hammer
drill mode, a hammer mode and a drill mode 1s selectable,
by operating a mode-switching dial (not shown) The mode-
switching dial 1s provided on a left-side portion of the
driving-mechanism-housing part 11. In the hammer drill
mode, the motion-converting mechamism 30 and the rota-
tion-transmitting mechanism 37 are driven so that the ham-
mering operation and the drilling operation are performed.
In the hammer mode, power transmission in the rotation-
transmitting mechanism 37 1s interrupted and only the
motion-converting mechanism 30 1s driven, so that only the
hammering operation 1s performed. In the drill mode, power
transmission in the motion-converting mechanism 30 1s
interrupted and only the rotation-transmitting mechanism 37
1s driven, so that only the drilling operation 1s performed. A
mode-switching mechamsm 1s provided within the body
housing 10 (specifically, the driving-mechanism-housing
part 11) and connected to the mode-switching dial. The
mode-switching mechanism 1s configured to switch the
motion-converting mechanism 30 and the rotation-transmait-
ting mechanism 37 between a transmission state and an
interruption state according to the operation mode selected
with the mode-switching dial. The structure of such a
mode-switching mechanism 1s well known and therefore not
described 1n detail here and not shown.

As shown 1n FIG. 2, the motor-housing part 12 1s a portion
of the body housing 10 which i1s connected to a rear end
portion ol the driving-mechanism-housing part 11 and
extends downward. The motor 2 1s housed within an upper
portion of the motor-housing part 12. In the present embodi-
ment, a direct current (DC) brushless motor 1s employed as
the motor 2, since it 1s compact and has high output.

The motor 2 includes a motor body 20 and the motor shaft
25. The motor body 20 includes a stator 21 and a rotor 23.
The motor shaft 25 extends from the rotor 23 and rotates
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together with the rotor 23. The rotation axis of the motor
shaft 25 extends obliquely downward and forward relative to
the driving axis A1l. An upper end portion of the motor shaft
235 protrudes 1nto the driving-mechanism-housing part 11. A
small bevel gear 26 1s formed on the upper end portion of the
motor shait 25. The small bevel gear 26 1s engaged with a

large bevel gear 311 fixed to a rear end portion of the
intermediate shaft 31.

A portion (specifically, a lower connection part 18) of the
handle 15 1s disposed within a rear portion of a lower portion
(specifically, a region on the lower side of the motor 2) of the
motor-housing part 12.

The detailed structure of the handle 15 and its internal
structure are now described.

As shown 1n FIGS. 3 and 4, the handle 15 includes the

orip part 16, a controller-housing part 17, the lower connec-
tion part 18 and an upper connection part 19. In the present
embodiment, the handle 15 1s formed by right and left halves
connected together. The halves are connected at a plurality
ol positions by screws with internal components described
below being assembled thereto.

The grip part 16 1s arranged to extend in the up-down
direction as described above. The trigger 161 1s provided 1n
an upper front end portion of the grip part 16. It 1s noted that
the trigger 161 1s located on the driving axis Al (see FIG. 2).
The grip part 16 has an elongate cylindrical shape. A switch
163 1s housed 1n the 1nside of the grip part 16. The switch
163 1s normally kept in an OFF state and turned on 1n
response to a depressing operation of the trigger 161. The
switch 163 1s connected to the controller 41 via a wiring (not
shown) and outputs a signal indicating an ON or OFF state
to the controller 41.

The controller-housing part 17 1s connected to the lower
end portion of the grip part 16 and disposed on the lower side
of the grip part 16. The controller-housing part 17 has a
rectangular box-like shape and extends forward of the grip
part 16. The controller 41 and a speed-change dial unit 43
are housed in the controller-housing part 17.

Although not shown 1n detail, the controller 41 includes
a control circuit, a three-phase inverter and a board on which
these parts are mounted. The control circuit comprises a
microcomputer including a CPU, a ROM, a RAM and a
timer. The three-phase inverter includes a three-phase bridge
circuit using six semiconductor switching elements. The
three-phase 1nverter 1s configured to drive the motor 2 by
switching each of the switching elements of the three-phase
bridge circuit according to the duty ratio which 1s indicated
by a control signal outputted from the control circuit. In the
present embodiment, the controller 41 1s configured to
control driving of the motor 2 based on the ON/OFF state of
the switch 163 and detection results of various sensors,
which will be described 1n detail later.

The speed-change dial unit 43 1s provided to receive
setting of the rotation speed of the motor 2 according to a
user’s external operation. Although not shown 1n detail, the
speed-change dial unit 43 includes a dial, a vaniable resistor
and a circuit board. The dial 1s configured to be turned from
the outside of the controller-housing part 17 by a user. The
variable resistor outputs a resistance value corresponding to
the turning position of the dial. The variable resistor 1s
mounted on the circuit board. The speed-change dial unit 43
1s connected to the controller 41 via a wiring (not shown)
and outputs to the controller 41 a signal indicating a resis-
tance value (that 1s, set rotation speed) corresponding to a
dial turning operation. In the present embodiment, the
rotation speed set with the speed-change dial unit 43 1s used




US 11,904,449 B2

7

as the rotation speed of the motor 2 1n the loaded state, which
will be described 1n detail later.

A lower end portion (a portion below the controller 41) of
the controller-housing part 17 1s configured as the battery-
mounting part 171, to which the battery 93 can be removably
mounted. In the present embodiment, the battery-mounting
part 171 1s configured such that the battery 93 can be
mounted thereto from the rear. Specifically, as shown in FIG.
5, the battery-mounting part 171 includes a pair of guide
rails 172 which can be slidingly engaged with the battery 93.
The guide rails 172 protrude inward from lower ends of right
and lett walls of the controller-housing part 17 and extend 1n
the front-rear direction. Correspondingly, a guide groove
932 1s provided 1n each of a pair of side surfaces of the
battery 93, which has a generally rectangular parallelepiped
shape. The guide grooves 932 extend i1n a longitudinal
direction of the battery 93. The battery 93 may be mounted
to the battery-mounting part 171 by sliding forward from the
rear with the guide rails 172 engaged with the guide grooves
932.

Further, as shown in FIG. 4, a hook 933 i1s provided in an
upper portion of the battery 93. The hook 933 1s configured
to be normally biased upward to protrude from an upper
surface of the battery 93 and to be retracted downward from
the upper surface by pressing. A recess 173 recessed upward
1s provided in a lower surface of the battery-mounting part
171. The hook 933 1s retracted downward while the battery
93 1s slid, and when the hook 933 reaches a position facing
the recess 173, the hook 933 1s biased upward and engaged
with the recess 173. In this manner, the battery 93 1s held by
the guide rails 172 1n the up-down direction while being
positioned 1n the {ront-rear direction by engagement
between the hook 933 and the recess 173. Further, although
not shown in detail, terminals of the battery 93 and the
battery-mounting part 171 are electrically connected to each
other when the battery 93 1s mounted to the battery-mount-
ing part 171.

A battery which can be removably mounted to the battery-
mounting part 171 1s not limited to the battery 93. Specifi-
cally, plural kinds of batteries of different capacity and size
are also available. In FIG. 1, a largest battery 930 of the
batteries which can be removably mounted to the battery-
mounting part 171 1s shown by one-dot chain line. The body
housing 10 1s configured such that a lower surface of the
battery 930 and a lower surface of the body housing 10 (the
motor-housing part 12) are flush with each other when the
battery 930 1s mounted to the battery-mounting part 171.

As shown 1 FIGS. 3 and 4, the lower connection part 18
1s a portion of the handle 15 which 1s connected to a front
end portion of the controller-housing part 17 and extends
generally downward. The upper connection part 19 1s a
portion of the handle 15 which 1s connected to an upper end
portion of the grip part 16 and extends forward. In the
present embodiment, the handle 15 1s connected to the body
housing 10 via the lower connection part 18 and the upper
connection part 19 such that the handle 15 1s movable
relative to the body housing 10. Connecting structures
between the body housing 10 and the lower and upper
connection parts 18 and 19 are now described 1n detail.

As shown 1 FIGS. 2 and 6, the lower connection part 18
1s arranged to protrude nto a lower rear end portion of the
motor-housing part 12 and connected to a lower rear end
portion (specifically, the motor-housing part 12) of the body
housing 10 so as to be rotatable relative to the body housing,
10 around a rotation axis A2, which extends 1n the left-right
direction. As described above, the motor 2 1s disposed 1n the
upper portion of the motor-housing part 12, but a free space
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exists below the motor 2. Therefore, 1n the present embodi-
ment, the lower connection part 18 1s arranged by utilizing
this free space to connect the handle 15 and the motor-
housing part 12.

In the present embodiment, the rotation axis A2 1s set on
a lower side of the battery-mounting part 171 (more spe-
cifically, on a lower side of the guide rails 172 (see FIG. 5))
in the lower connection part 18. Further, as shown in FIG.
4, the rotation axis A2 1s also set on a lower side of a center
of gravity G of the handle 15 with the battery 93 mounted
to the battery-mounting part 171. The center of gravity G of
the handle 15 with the battery 93 mounted to the battery-
mounting part 171 1s located generally 1n the same position
as the guide rails 172 1n the up-down direction. As described
above, a battery larger than the battery 93 can be mounted
to the hammer drill 1. A center of gravity of the handle 15
with a larger battery 1s slightly below the center of gravity
(. The rotation axis A2 1s set on the lower side of a center
of gravity (not shown) of the handle 15 with the battery 930
of the maximum size shown in FIG. 1. When the battery 93
or a battery of different size 1s mounted to the battery-
mounting part 171, the rotation axis A2 1s located on a front
side of the battery 93. Further, the rotation axis A2 1s set on
the lower side of and on the rear side of the motor body 20.
Furthermore, the rotation axis A2 is set right below the upper
connection part 19 (specifically, a center of a elongate hole
193 described below).

As shown 1n FIG. 6, the lower connection part 18 has a
shaft part 181. The shait part 181 extends in the left-right
direction between right and left walls of the lower connec-
tion part 18 such that a center axis of the shait part 181
comncides with the rotation axis A2. More specifically, the
right and left halves forming the handle 15 have protruding
parts which extend to the left and right along the rotation
axis A2, respectively. The shaft part 181 1s formed by
connecting these protruding parts with a screw. Recesses
183 are respectively provided 1n positions corresponding to
both end portions of the shait part 181 1n outer surfaces of
the right and left walls of the lower connection part 18. Each
of the recesses 183 1s configured to have a circular section
centering the rotation axis A2. An annular elastic member
185 1s fitted 1n each of the recesses 183.

Protruding parts 121 are respectively provided to protrude
to the left and right from 1nner surfaces of right and left walls
of the motor-housing part 12. Each of the protruding parts
121 has a generally cylindrical shape and arranged such that
its axis coincides with a straight line extending in the
left-right direction. Each of protruding end parts of the
protruding parts 121 1s fitted 1n the elastic member 1835
within the recess 183, so that the lower rear end portion of
the motor-housing part 12 1s connected to the lower con-
nection part 18 via the elastic member 185. By such con-
cavo-convex engagement via the elastic member 185, the
lower connection part 18 1s connected to the motor-housing
part 12 so as to be rotatable around the rotation axis A2
relative to the motor-housing part 12. Further, the lower
connection part 18 1s held to be movable 1 all of the
front-rear, left-right and up-down directions relative to the
motor-housing part 12 by the elastic member 185.

As shown 1 FIG. 2, the upper connection part 19 is
arranged to protrude into a rear end portion of the driving-
mechanism-housing part 11 and movably connected to an
upper rear end portion (specifically, the driving-mechanism-
housing part 11) of the body housing 10 via an elastic
member 191. In the present embodiment, a compression coil
spring 1s employed as the elastic member 191. A rear end
portion of the elastic member 191 i1s fitted onto a spring-
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receiving part 190 (see FIG. 4) provided in a front end
portion of the upper connection part 19. A front end of the
clastic member 191 1s held 1n abutment with a rear surface
ol a support wall 111 disposed within a rear end portion of
the driving-mechanism-housing part 11. Specifically, the
clastic member 191 1s arranged such that 1ts spring force acts
in a direction which substantially coincides with the front-
rear direction, which 1s a direction of dominant vibration
caused during the hammering operation.

Further, as shown 1n FIG. 4, the upper connection part 19
has a elongate hole 193 formed on the rear side of the
spring-receiving part 190. The elongate hole 193 1s a
through hole extending through the upper connection part 19
in the left-right direction and formed longer in the front-rear
direction than in the up-down direction. As shown 1n FIGS.
2 and 7, a stopper part 113 1s provided 1nside the driving-
mechanism-housing part 11. The stopper part 113 1s a
columnar portion extending in the left-nght direction
between rnight and left walls of the driving-mechanism-
housing part 11 and inserted through the elongate hole 193.

In the unloaded state, the upper connection part 19 1s
biased 1n a direction (rearward) away from the body housing,
10 1n the front-rear direction by the elastic member 191, and
held 1n a position where the stopper part 113 abuts on a front
end of the elongate hole 193 and thereby prevents a further
rearward movement of the upper connection part 19. This
position ol the upper connection part 19 (the handle 15)
relative to the body housing 10 1s referred to as a rearmost
position. When the handle 15 1s relatively turned forward
around the rotation axis A2, the stopper part 113 of the body
housing 10 relatively moves rearward apart from the front
end of the elongate hole 193 within the elongate hole 193 of
the upper connection part 19. Therefore, the elongate hole
193 1s allowed to move 1n the front-rear direction relative to
the stopper part 113. As shown 1n FIG. 8, the upper con-
nection part 19 1s allowed to relatively move forward against
biasing force of the elastic member 191, up to a position
where the stopper part 113 abuts on a rear end of the elongate
hole 193 and thereby prevents a further forward movement
of the upper connection part 19. This position of the upper
connection part 19 (the handle 15) relative to the body
housing 10 1s referred to as a foremost position.

The 1internal structures of the lower connection part 18
and the upper connection part 19 are now described in detail.

As shown 1n FIG. 4, an acceleration sensor unit 47 1s
housed 1n the lower connection part 18. The acceleration
sensor unit 47 1s disposed 1n front of the shait part 181 1n a
lower end portion of the lower connection part 18. Further,
the lower connection part 18 has an adapter-mounting part
490 to which a wireless adapter 49 can be removably
mounted. The adapter-mounting part 490 1s disposed 1n front
of the acceleration sensor unit 47 in a front end portion of the
lower connection part 18.

In the present embodiment, the acceleration sensor unit 47
includes an acceleration sensor having a well known struc-
ture, a microcomputer including a CPU, a ROM and a RAM
and a board on which these components are mounted. In the
present embodiment, driving of the motor 2 1s stopped 1n a
case¢ where the body housing 10 1s excessively rotated
around the driving axis A1, which will be described in detail
later. For this purpose, the acceleration sensor detects accel-
cration as information (a physical quantity or an index)
which corresponds to rotation of the body housing 10 around
the drniving axis Al. The microcomputer 1s configured to
appropriately perform arithmetic processing on the accel-
eration detected by the acceleration sensor, and to determine
whether rotation of the body housing 10 around the driving,
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axis Al exceeds a specified limit. In a case where the
rotation of the body housing 10 around the driving axis Al
exceeds the specified limit, the microcomputer outputs a
specific signal (hereinatter referred to as an error signal) to
the controller 41.

The state in which the rotation of the body housing 10
around the driving axis Al exceeds the specified limait
corresponds to a state 1n which the body housing 10 1is
excessively rotated around the driving axis Al. Such a state
may typically occur when the tool holder 39 becomes unable
to rotate (also referred to as being locked or blocked), for
example, due to the tool accessory 91 being locked 1nto the
workpiece, for example, so that excessive reaction torque
acts on the body housing 10.

The acceleration sensor unit 47 need not include the
microcomputer. Instead, the acceleration sensor unit 47 may
directly output a signal indicating a detection result of the
acceleration sensor to the controller 41, and the controller 41
may make the above-described determination. Drive control

of the motor 2 based on the signals outputted from the
acceleration sensor unit 47 will be described 1n detail later.

As shown i FIG. 9, the adapter-mounting part 490
includes a housing part 491 1n which the wireless adapter 49
can be housed, an insertion port 492 through which the
wireless adapter 49 can be inserted into and removed from
the housing part 491, and a connector (not shown). The
insertion port 492 1s an opening formed 1n a right wall of the
lower connection part 18. The insertion port 492 1s normally
closed by a removable dustproof cap 493. The wireless
adapter 49 can be slid to the left to be inserted into the
housing part 491 through the 1nsertion port 492. When the
wireless adapter 49 1s 1nserted to a specified position in the
housing part 491, a connector of the wireless adapter 49 1s
clectrically connected to the connector of the adapter-
mounting part 490. As described above, the lower connec-
tion part 18 1s disposed within the lower rear end portion of
the motor-housing part 12. Therefore, as shown i FIGS. 1
and 9, an opeming 123 slightly larger than the msertion port
492 1s formed 1n the right wall of the motor-housing part 12.
More specifically, the opening 123 1s disposed 1n a position
so as to face the housing part 491 (the insertion port 492).
A user can easily insert the wireless adapter 49 into the
housing part 491 of the lower connection part 18 from the
outside of the motor-housing part 12 through the opening
123 as needed.

The wireless adapter 49 which 1s removable from the
adapter-mounting part 490 1s configured to perform wireless
communication with an external device. Although not
shown 1n detail, in the present embodiment, the wireless
adapter 49 has a known structure having a microcomputer
including a CPU, a ROM and a RAM, an antenna and the
connector. When mounted to the adapter-mounting part 490,
the wireless adapter 49 1s electrically connected to the
controller 41 via the connector. The wireless adapter 49 1s
configured to wirelessly send a specified interlock signal to
a stationary dust collector which 1s separately provided from
the hammer drill 1, by using radio waves i a specified
frequency band, according to a control signal from the
controller 41.

Such a system 1tself 1s well known and therefore briefly
described. The controller 41 causes the wireless adapter 49
to send the interlock signals while the trigger 161 1s
depressed and the switch 163 1s 1n the ON state. A controller
of the dust collector 1s configured to drive a motor of the dust
collector while receiving the interlock signals from the
wireless adapter 49. Therefore, a user of the hammer drill 1
can operate the dust collector interlocking with the hammer
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drill 1 simply by depressing the trigger 161. The wireless
adapter 49 1s not limited to those configured to send the
interlock signal to the dust collector, but may be configured
to perform wireless communication with other external
devices (such as a portable terminal).

As shown 1 FIGS. 6 and 7, a position sensor 45 for
detecting the position of the handle 15 relative to the body
housing 10 1s provided 1n the upper connection part 19. In
the present embodiment, a Hall sensor having a Hall element
1s employed as the position sensor 45. The position sensor 43
1s mounted on a board 450 and fixed to a left front end
portion of the upper connection part 19 so as to face a left
wall of the body housing 10 (the driving-mechanism-hous-
ing part 11). More specifically, the position sensor 43 is
disposed generally 1n the same position as a rear end portion
of the elastic member 191 in the front-rear direction. A
magnet 46 1s fixed to an 1mner surface of the left wall of the
body housing 10. The position sensor 45 1s electrically
connected to the controller 41 via a wiring (not shown) and
1s configured to output a specific signal (hereinafter referred
to as an ON signal) to the controller 41 when the magnet 46
1s located within a specified detection range.

In the present embodiment, as shown 1n FIG. 7, when the
handle 15 1s located 1n the rearmost position (1nitial position)
relative to the body housing 10, the magnet 46 1s located
within the detection range of the position sensor 45, so that
the position sensor 45 outputs an ON signal. When the
handle 15 moves forward from the rearmost position relative
to the body housing 10 and reaches a specified position, the
magnet 46 moves out of the detection range of the position
sensor 45, so that the position sensor 45 stops outputting the
ON signal. This specified position (heremafter referred to as
an OFF position) 1s set slightly rearward of the foremost
position shown 1n FIG. 8. The position sensor 45 does not
output an ON si1gnal when the handle 15 1s located between
the OFF position and the foremost position. Detection
results of the position sensor 45 are used for control of the

rotation speed of the motor 2 by the controller 41, which will
be described 1n detail later.

As described above, the handle 15 1s configured such that
its lower end portion 1s connected to the lower rear end
portion of the body housing 10 so as to be rotatable around
the rotation axis A2, while its upper end portion 1s elastically
connected to the upper rear end portion of the body housing
10 via the elastic member 191. Further, the rotation axis A2
1s set on the lower side of the battery-mounting part 171
(specifically, on the lower side of the guide rails 172). With
such a structure, vibration which 1s caused 1n the body
housing 10 when the motor 2 and the driving mechamism 3
are driven can be eflectively suppressed from being trans-
mitted to the handle 135 (particularly the grip part 16).

Specifically, when the driving mechanism 3 1s driven,
vibrations 1n the front-rear direction and the up-down direc-
tion are caused 1n the body housing 10. At this time, relative
rotation of the handle 15 around the rotation axis A2 can
cope with the vibration in the front-rear direction, and
particularly, the elastic member 191 can absorb the dominant
vibration 1n the driving-axis-Al direction (the front-rear
direction) which 1s caused by the tool accessory 91 being
reciprocally driven. Further, 1n the present embodiment, by
arranging the rotation axis A2 on the lower side of the
battery-mounting part 171, the distance between the elastic
member 191 and the rotation axis A2 can be secured as large
as possible. As a result, the elastic member 191 can efli-
ciently absorb vibration 1n a position where the swing width
(the amount of movement) of the handle 15 relative to the
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body housing 10 1s large, so that transmission of vibration to
the grip part 16 can be eflectively suppressed.

Particularly, 1n the present embodiment, the rotation axis
A2 1s set right below the upper connection part 19 (specifi-
cally, generally right below the rear end portion of the elastic
member 191). In other words, in the drniving-axis-Al direc-
tion (front-rear direction), a pivot point of the handle 13 1s
set generally at the same position as the elastically connect-
ing portion. Further, the elastic member 191 1s arranged to
be expandable and contractible 1n parallel to the driving axis
Al. Theretfore, vibration in the front-rear direction can be
ciiciently reduced.

Further, the rotation axis A2 1s set on the lower side of the
center of gravity G of the handle with the battery 93
mounted to the battery-mounting part 171. In a structure in
which the upper end portion of the handle 15 1s elastically
connected to the body housing 10 and the lower end portion
1s rotatably connected to the body housing 10, the handle 15
may not always easily turn around the rotation axis A2 if the
rotation axis A2 1s located on the upper side of the center of
gravity . In the present embodiment, however, the rotation
axis A2 arranged on the lower side of the center of gravity
(G can make it easier for the handle 135 to turn around the
rotation axis A2 relative to the body housing 10 when
vibration 1s caused 1n the body housing 10, thereby enhanc-
ing the eflect of suppressing transmission of vibration to the
grip part.

Further, in the present embodiment, the protruding parts
121 of the motor-housing part 12 1s fitted 1n the recesses 183
of the lower connection part 18 via the annular elastic
members 185. Theretore, the annular elastic members 185
can also suppress vibrations in the front-rear direction and
the up-down direction which are caused 1n the body housing
10 from being transmitted to the handle 15.

The hammer drill 1 includes the controller 41, the speed-
change dial unit 43, the position sensor 43, the acceleration
sensor unit 47, the wireless adapter 49 and the adapter-
mounting part 490. All of these parts have electronic com-
ponents and are preferred to be protected from vibration.
Therefore, these parts are disposed in the handle 15 to be
properly protected from vibration. Further, in the present
embodiment, the lower connection part 18 performs not only
a function of connecting to the motor-housing part 12, but
also a function of housing the acceleration sensor unit 47 and
the wireless adapter 49 while protecting them from vibra-
tion, by utilizing a free space existing on the lower side of
the motor 2 1n the motor-housing part 12. Further, the
position sensor 45 1s disposed adjacent to the elastic member
191 in the upper connection part 19, so that an optimal
arrangement for detecting the movement of the handle 15
relative to the body housing 10 in the front-rear direction can
be realized.

The drive control of the motor 2 by the controller 41 1s
now described.

In the present embodiment, the controller 41 (more spe-
cifically, the CPU of the controller 41) performs a so-called
soft-no-load control. The soft-no-load control refers to a
drive control method for the motor 2 in which, while the
switch 163 1s 1n the ON state, the motor 2 1s driven at low
speed 1n an unloaded state, and the motor 2 1s driven at
higher speed 1n a loaded state. The soft-no-load control 1s
also referred to as a low-speed rotation control in the
unloaded state. In the following description, the rotation
speed of the motor 2 1n the unloaded state 1s referred to as
a first rotation speed, and the rotation speed of the motor 2
in the loaded state 1s referred to as a second rotation speed.
In the present embodiment, the controller 41 sets the rotation
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speed which 1s set with the speed-change dial unit 43 as the
second rotation speed. Further, the controller 41 sets half the
second rotation speed as the first rotation speed. The con-
troller 41 sets a duty ratio corresponding to the first rotation
speed or the second rotation speed and outputs a control

signal to the three-phase inverter to thereby drive the motor
2.

In the present embodiment, detection results of the posi-
tion sensor 45 are used in the soft-no-load control to
determine whether the current state 1s the unloaded state or
the loaded state. As described above, the position sensor 45
1s configured to detect the position of the handle 15 relative
to the body housing 10. In the unloaded state, the upper
connection part 19 is placed 1n the rearmost position by the
biasing force of the elastic member 191 (see FIGS. 2 and 7).
At this time, the position sensor 45 detects the magnet 46
and outputs an ON signal. When the output from the position
sensor 45 1s ON, the controller 41 determines that the motor
2 1s 1n the unloaded state, and when the switch 163 1s turned
from the OFF state to the ON state, the controller 41 starts
driving of the motor 2 at the first rotation speed. When the
motor 2 1s driven, the drniving mechanism 3 1s driven
according to the operation mode selected via the mode-
switching dial (not shown) so that at least one of the
hammering operation and the drilling operation 1s per-
formed.

When a user presses the tool accessory 91 against the
workpiece while holding the grip part 16, the handle 15
relatively turns forward around the rotation axis A2. The
upper connection part 19 moves forward from the rearmost
position while compressing the elastic member 191. When
the upper connection part 19 reaches the OFF position, the
position sensor 45 stops outputting the ON signal. The
controller 41 recognizes a change from ON to OFF of the
output from the position sensor 45 as a shift from the
unloaded state to the loaded state. The controller 4
increases the rotation speed of the motor 2 to the second
rotation speed when recogmzing the shift to the loaded state
during driving of the motor 2 at the first rotation speed. At
this time, the controller 41 may immediately or gradually
increase the rotation speed of the motor 2 to the second
rotation speed. In a case where the controller 41 immediately
increases the rotation speed, the speed of reciprocating
movement or rotation of the tool accessory 91 immediately
increases, so that working efliciency can be improved. On
the other hand, 1n a case where the controller 41 gradually
increases the rotation speed, the speed of reciprocating

movement or rotation of the tool accessory 91 gradually
increases, so that excellent operation feeling can be provided
to a user. Further, when the switch 163 1s turned on while the
output from the position sensor 45 1s OFF, the controller 41
starts driving of the motor 2 at the second rotation speed. In
this case, the controller 41 may also immediately or gradu-
ally increase the rotation speed of the motor 2 to the second
rotation speed.

In the present embodiment, the handle 135 1s configured to
be placed 1n the OFF position at the same time when or after
the function of the idle-driving-prevention mechanism 38
for preventing the idle driving operation 1s released 1n
response to the push of the tool accessory 91 into the body
housing 10. Specifically, the handle 15 reaches the OFF
position at the same time when or after the impact bolt 363
1s pushed in to the rearmost position and the striker 361 1is
separated from the O-ring 383. For this purpose, the speci-
fications (such as spring constant) of the elastic element 191
are appropriately set. By such control of timing, the recip-
rocating movement of the striker 361 can be immediately
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started when the rotation speed of the motor 2 1s increased
to the second rotation speed, so that excellent working
ciliciency can be secured.

Further, the controller 41 monitors the duration of the ON
state using the timer when recognizing a change from OFF
to ON of the output from the position sensor 45 (that 1s, a
rearward movement of the upper connection part 19 from
the OFF position toward the rearmost position) while the
switch 163 1s 1n the ON state. The controller 41 returns the
rotation speed of the motor 2 back to the first rotation speed
only when the ON state continues for a specified time (1n the
present embodiment, for a longer time than zero). This 1s to
reliably distinguish between a temporary change to the ON
state, which may be caused due to vibration of the body
housing 10 during the operation on the workpiece, and a
change from the loaded state to the unloaded state. Specifi-
cally, the upper connection part 19 may be caused to
reciprocally move 1n the front-rear direction relative to the
body housing 10 by vibration of the body housing 10 1n the
front-rear direction. In this case, the output from the position
sensor 45 may be switched between ON and OFF at a short
cycle. However, when the operation of pressing the tool
accessory 91 1s released and the loaded state 1s shifted to the
unloaded state, the ON state continues for a specified time
aiter the output from the position sensor 45 1s switched from
OFF to ON. Therefore, 1n the present embodiment, the
above-described control 1s adopted.

When the depressing operation of the trigger 161 1s
stopped and the switch 163 1s turned off, the controller 41
stops driving of the motor 2, regardless of whether the motor
2 1s driven at the first rotation speed or the second rotation
speed.

Further, in the present embodiment, 1n addition to the
soft-no-load control, control based on detection results of
the acceleration sensor umt 47 1s also performed. More
specifically, regardless of whether the motor 2 1s driven at
the first rotation speed or the second rotation speed, the
controller 41 stops driving of the motor 2 in a case where the
controller 41 recognizes an error signal outputted from the
acceleration sensor unit 47. As described above, the error
signal indicates an excessive rotation of the body housing 10
around the driving axis Al. Therefore, 1n case that this
excessive rotation 1s caused by the locked state of the tool
holder 39, the controller 41 stops driving of the motor 2 1n
order to prevent the body housing 10 from further rotating.
The controller 41 may determine whether an excessive
rotation 1s caused or not, based on other information (for
example, a torque acting on the tool accessory 91, or a
driving current of the motor 2) in addition to the error signal.
Further, 1t may be preferred that the controller 41 not only
stops energization to the motor 2 but also electrically brakes
the motor 2 1n order to prevent the motor shait 25 from
continuing to rotate by inertia of the rotor 23.

As described above, according to the drive control of the
motor 2 of the present embodiment, the rotation speed of the
motor 2 can be increased by properly detecting a shift from
the unloaded state to the loaded state based on the relative
position of the handle 15 which 1s detected by the position
sensor 45. Thus, the motor 2 can be prevented from being
unnecessarily driven at high speed when the tool accessory
91 1s not striking the workpiece, so that vibration of the body
housing 10 can be suppressed and consumption of the
battery 93 can be suppressed. Particularly, in the present
embodiment, the first rotation speed in the unloaded state 1s
set to half the second rotation speed 1n the loaded state, so
that consumption of the battery 93 1n the unloaded state can
be effectively suppressed.
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As described above, the relative forward movement of the
handle 15 corresponds to the shift from the unloaded state,
in which the tool accessory 91 1s not pressed against the
workpiece, to the loaded state, in which the tool accessory
91 1s pressed against the workpiece. However, the handle 135
may only slightly move forward upon a shift from the
unloaded state to the loaded state in some types of operation.
For example, in an operation such as peeling ofl a coating
material (such as a tile), when an angle formed by the tool
accessory 91 and the workpiece 1s small, the tool accessory
91 may not be strongly pressed rearward relative to the body
housing 10. Therefore, an amount of a relative forward
movement of the handle 15 may be very small. In such a
case, the shift from the unloaded state to the loaded state
may not be accurately determined only by the detection
results of the position sensor 45. Therelore, the controller 41
may perform the rotation speed control of the motor 2 (the
solt-no-load control) based on the position of the handle 15
relative to the body housing 10 and other information (a
physical quantity or an index) corresponding to the load on
the tool accessory 91. Examples of the information (a
physical quantity or an index) corresponding to the load on
the tool accessory 91 may include an electric current value
of the motor 2, vibration (acceleration) of the body housing
10 and the temperature of the battery 93.

A modification 1n which the driving current of the motor
2 1s adopted as the information 1s now specifically described.

FIG. 10 shows an electrical configuration of the hammer
drill 1 when the driving current of the motor 2 1s used. As
shown 1 FIG. 10, a three-phase inverter 421, a Hall sensor
423 and a current detection amplifier 425 are electrically
connected to the controller 41. The controller 41 controls the
rotation speed of the motor 2 by controlling energization to
the motor 2 via switching clements of the three-phase
inverter 421 as described above, based on a signal indicating
a rotor rotation angle which 1s mputted from the Hall sensor
423. The current detection amplifier 425 1s configured to
detect the driving current of the motor 2. More specifically,
the current detection amplifier 423 1s configured to convert
the driving current of the motor 2 1nto voltage by shunt
resistance and to output a signal amplified by the amplifier
to the controller 41. Further, as described above, the switch
163, the speed-change dial unit 43, the position sensor 45
and the acceleration sensor unit 47 are electrically connected
to the controller 41.

In this modification, the controller 41 1s configured to
drive the motor 2 at low speed when the detection results of
the position sensor 45 and the detection results of the current
detection amplifier 425 both indicate the unloaded state.
Further, the controller 41 1s configured to drive the motor 2
at higher speed when at least either the detection results of
the position sensor 45 or the detection results of the current
detection amplifier 425 indicate the loaded state.

More specifically, in a case where the output from the
position sensor 45 1s ON and the driving current value
calculated based on the output signal of the current detection
amplifier 425 does not exceed a specified threshold, the
detection results of the position sensor 45 and the detection
results of the current detection amplifier 425 both indicate
the unloaded state. In this case, like in the above-described
embodiment, the controller 41 drives the motor 2 at the first
rotation speed. On the other hand, 1n a case where the output
from the position sensor 45 1s OFF or in a case where the
calculated driving current value exceeds the threshold, either
the detection results of the position sensor 45 or the detec-
tion results of the current detection amplifier 4235 indicate
the loaded state. In this case, like 1in the above-described
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embodiment, the controller 41 drives the motor 2 at the
second rotation speed. Further, in this modification, the
upper limit of the speed which can be set with the speed-
change dial unit 43 1s set lower than a maximum rotation
speed of the motor 2. Therefore, the controller 41 drives the
motor 2 at the maximum rotation speed (that 1s, at higher
speed than the second rotation speed) 1n a case where the
output from the position sensor 45 1s OFF and the calculated
driving current value exceeds the threshold (1in other words,
in a case where the detection results of the position sensor
45 and the detection results of the current detection amplifier
425 both indicate the loaded state).

In this manner, the hammer drill 1 of this modification can
more reliably detect a shift from the unloaded state to the
loaded state 1n various operation states, by using plural kinds
ol information which indicate a load on the tool accessory
91. Further, information of a different kind from the relative
position of the handle 15 can be detected with a simple
structure and used as the load on the tool accessory 91.
Further, 1n a case where the loaded state 1s more reliably
determined from the relative position of the handle 15 and
the driving current value of the motor 2, the motor 2 1s
driven at the maximum rotation speed, so that working
elliciency can be maximized.

As described above, 1n a case where vibration (accelera-
tion) of the body housing 10 1s adopted as other information
(a physical quantity or an index) corresponding to the load
on the tool accessory 91, the controller 41 may perform
similar control based on the detection results of the position
sensor 45 and the acceleration sensor unit 47. Further, 1n a
case where the temperature of the battery 93 1s adopted as
other information (a physical quantity or an index) corre-
sponding to the load on the tool accessory 91, for example,
a temperature sensor may be disposed in the vicinity of the
battery-mounting part 171 and the controller 41 may per-
form similar control based on the detection results of the
position sensor 45 and the temperature sensor.

The above-described embodiment 1s a mere example and
a work tool according to the present disclosure 1s not limited
to the structure of the hammer drill 1 of the above-described
embodiment. For example, the following modifications may
be made. Further, one or more of these modifications may be
employed in combination with any one of the hammer drill
1 of the above-described embodiment, its modification and
the claimed nventions.

In the above-described embodiment, the hammer drill 1 1s
described as a work tool configured to linearly reciprocate
the tool accessory 91, but the present disclosure can also be
applied to, for example, an electric hammer and a recipro-
cating saw. The structures and arrangement relations of the
motor 2, the driving mechanism 3, the body housing which
houses the motor 2 and the driving mechanism 3, and the
handle 15 including the grip part 16 may be appropriately
modified or changed according to the work tool.

The connection manner between the body housing 10 and
the handle 15 may be appropriately changed. For example,
the elastic member 191 1s not limited to the compression coil
spring, but may be formed of, for example, a different type
of spring, rubber or synthetic resin. Further, a plurality of
clastic members may be adopted. The arrangement position
of the elastic member 191 may be changed. The lower
connection part 18 and the motor-housing part 12 may be
connected to each other, for example, by a shait extending
in the left-right direction. The elastic member 185 may have
a shape other than an annular shape. Further, 1n place of the
single elastic member 183, a plurality of elastic members
may be provided around the rotation axis A2 to be spaced
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apart from each other. Alternatively, the elastic member 185
may be omitted. The rotation axis A2 may be arranged 1n a
different position from that in the above-described embodi-
ment, as long as the rotation axis A2 1s located on the lower

side of the battery-mounting part 171 or on the lower side of >

the center of gravity of the handle 15 with the battery
mounted thereto.

In the above-described embodiment, the devices having
various electronic components are disposed 1n the handle 15,
but these devices may be omitted or may be disposed 1n the
body housing 10.

Correspondences between the features of the above-de-
scribed embodiment and modification and the features of the
invention are as follows. However, these correspondences
given here are non-limiting examples. The hammer drill 1 1s
an example that corresponds to the “work tool”. The tool
accessory 91 1s an example that corresponds to the “tool
accessory”’. The motor 2 1s an example that corresponds to
the “motor”. The driving mechamism 3 1s an example that
corresponds to the “driving mechanism™. The drniving axis
Al 1s an example that corresponds to the “driving axis”. The
body housing 10 1s an example that corresponds to the “body
housing”. The handle 15, the grip part 16 and the battery-
mounting part 171 are examples that correspond to the
“handle”, the “grip part” and the “battery-mounting part”,
respectively. The battery 93 1s an example that corresponds
to the “battery”. The upper connection part 19 1s an example
that corresponds to the “upper end portion of the handle”.
The elastic member 191 1s an example that corresponds to
the “elastic member”. The lower connection part 18 i1s an
example that corresponds to the “lower end portion of the
handle”. The rotation axis A2 1s an example that corresponds
to the “rotation axis™.

The motor body 20, the stator 21, the rotor 23 and the
motor shaft 25 are examples that correspond to the “motor
body”, the “stator”, the “rotor” and the “motor shait”,
respectively. The speed-change dial unit 43 1s an example
that corresponds to the “speed-setting part”. The wireless
adapter 49 1s an example that corresponds to the “wireless
unit”. The housing part 491 and the opening 123 are
examples that correspond to the “housing part” and the
“opeming”, respectively. The position sensor 45 i1s an
example that corresponds to the “first detection part”. The
acceleration sensor unit 47 1s an example that corresponds to
the “second detection part”.

In view of the nature of the present invention and the
above-described embodiment, the following aspects are
provided. Each of the following aspects may be used in
combination with the hammer drill 1 of the above-described
embodiment, the above-described modification and the
claimed 1nventions.

Aspect 1

The rotation axis of the handle 1s located on the lower side
of the battery-mounting part and on the lower side of a
center of gravity of the handle with the battery mounted
thereto.

Aspect 2

The rotation axis of the handle 1s located generally 1n the
same position as the elastic member 1n the front-rear direc-
tion.
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Aspect 3

The lower end portion of the handle 1s disposed within the
body housing, and electronic components are disposed
within the lower end portion of the handle.

Aspect 4

The lower end portion of the handle 1s disposed in a
region ol the body housing on a lower side of the motor.

Aspect S

The upper end portion of the handle 1s connected to the
rear end portion of the body housing on an upper side of the
driving axis via the elastic member.

Aspect 6

The lower end portion of the handle 1s connected to the
rear end portion of the body housing via an elastic member
disposed around the rotation axis.

Further, the following aspects 7 to 22 are provided with an
aim to provide an impact tool capable of controlling driving
ol a motor by properly detecting a loaded state. The follow-
ing aspects 7 to 22 may be employed individually or in
combination with each other. Alternatively, at least one of
the following aspects 7 to 22 may be employed 1mn combi-
nation with any one or more of the hammer dnll 1, the
above-described modifications and the claimed inventions.

Aspect 7

An 1mpact tool, comprising:

a motor;

a driving mechanism configured to perform an operation
of linearly driving a tool accessory along a driving axis
by power of the motor, the driving axis extending 1n a
front-rear direction of the impact tool;

a body housing that houses the motor and the driving
mechanism;

a handle connected to the body housing via an elastic
member so as to be movable relative to the body
housing, the handle including a grip part to be held by
a user;

a battery-mounting part configured to removably receive
a battery, the battery being a power source of the motor;

a {irst detection part configured to detect a position of the
handle relative to the body housing; and

a control part configured to control rotation speed of the
motor based on a detection result of the first detection
part.

In the impact tool of the present aspect, the rotation speed
ol the motor can be controlled based on the detection result
of the first detection part, that 1s, the position of the handle
relative to the body housing. When the tool accessory 1s
pressed against the workpiece, the handle which 1s elasti-
cally connected to the body housing moves forward relative
to the body housing. Thus, a shift from an unloaded state to
a loaded state corresponds to a relative forward movement
of the handle. Therefore, according to the present aspect, the
rotation speed of the motor can be controlled by properly
detecting the shift from the unloaded state to the loaded state
based on the relative position of the handle which 1s detected
by the first detection part.

In the present aspect, the first detection part may be
disposed 1n any position of the body housing or the handle,
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as long as 1t 1s capable of detecting the position of the handle
relative to the body housing. The first detection part may be
preferably disposed adjacent to the elastic member in order
to accurately detect the position of the handle relative to the
body housing. Further, any known detection method may be
adopted as a detection method of the first detection part. For
example, either one of non-contact type detection (such as a
magnetic-field detection method and an optical detection
method) and contact type detection may be adopted.

Aspect 8

The 1mpact tool as defined 1n aspect 7, wherein:

the control part 1s configured to drive the motor at a first
rotation speed when the handle 1s placed 1n a first
position relative to the body housing, and to drive the
motor at a second rotation speed higher than the first
rotation speed when the handle moves forward from the
first position to a second position relative to the body
housing.

According to the present aspect, the motor can be pre-
vented from being unnecessarily driven at high speed when
the tool accessory 1s not striking the workpiece, so that
vibration of the body housing can be suppressed. Further,
according to the present aspect, by preventing the motor
from being unnecessarily driven at high speed, consumption
of the battery can be suppressed and available time (also
called runtime), which 1s important for the battery-powered
impact tool, can be improved.

In the present aspect, both the first rotation speed and the
second rotation speed may be preset. Alternatively, both the
first rotation speed and the second rotation speed may be set
via an operation member which 1s operated by a user, or one
ol the rotation speeds may be set via the operation member
and the other rotation speed may be accordingly set by the
control part. Both the first rotation speed and the second
rotation speed may be set to a larger value than zero.

In the present aspect, the control part need not always
drive the motor at the second rotation speed higher than the
first rotation speed after the handle relatively moves from
the first position to the second position. Specifically, under
certain conditions, the control part may allow the motor to
continue driving at the first rotation speed even after the
handle relatively moves to the second position. Such con-
ditions may include a case i which the rotation speed set as
the second rotation speed via the operation member 1s equal
to or below the preset first rotation speed, or equal to or
below the first rotation speed set via the operation member.
In this case, the rotation speed set as the second rotation
speed via the operation member may be used as the first
rotation speed.

Aspect Y

The 1mpact tool as defined in aspect 7 or 8, wherein the
first detection part 1s disposed 1n the handle.

The handle 1s elastically connected to the body housing,
so that transmission of vibration caused 1n the body housing
to the handle can be suppressed. Therefore, by disposing the
first detection part 1n the handle, the first detection part can
be protected from vibration.

Aspect 10

The 1mpact tool as defined 1n any one of aspects 7 to 9,
wherein the control part 1s configured to 1mmediately
increase the rotation speed from the first rotation speed to the
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second rotation speed when the handle relatively moves
from the first position to the second position.

According to the present aspect, the striking speed at
which the tool accessory strikes the workpiece can 1mme-
diately increase 1n response to the shift to the loaded state,
so that working efliciency can be improved.

Aspect 11

The impact tool as defined 1n any one of aspects 7 to 9,
wherein the control part 1s configured to gradually increase
the rotation speed from the first rotation speed to the second
rotation speed when the handle relatively moves from the
first position to the second position.

According to the present aspect, the striking speed at
which the tool accessory strikes the workpiece gradually can
increase 1n response to the shift to the loaded state, so that
excellent operation feeling can be provided to a user.

Aspect 12

The 1mpact tool as defined 1n any one of aspects 7 to 11,
wherein the {first rotation speed 1s half the second rotation
speed or below.

According to the present aspect, consumption of the
battery in the unloaded state can be eflectively suppressed.

Aspect 13

The 1impact tool as defined in any one of aspects 7 to 12,
wherein the control part 1s configured to reduce the rotation
speed from the second rotation speed to the first rotation
speed when a specified time elapses aiter the handle rela-
tively moves away from the second position toward the first
position.

The specified time 1n the present aspect may be zero or
longer than zero. The specified time may be preset and
stored 1n a storage device at the time of factory shipment, or
may be set via an operation member by a user. In a case
where the specified time 1s zero, the control part can
immediately reduce the rotation speed of the motor from the
second rotation speed to the first rotation speed when the
handle relatively moves from the second position to the first
position. In this case, the control can be realized which 1s
excellent 1n responsiveness to a release of the operation of
pressing the tool accessory against the workpiece by a user.
In the structure in which the handle 1s elastically connected
to the body housing, however, the handle may be tempo-
rarily moved from the second position toward the first
position relative to the body housing by vibration of the
body housing. Therelfore, in a case where the specified time
1s longer than zero, the control part can reduce the rotation
speed of the motor by properly determining a relative
movement of the handle which 1s caused not by such
vibration but by a release of the operation of pressing the
tool accessory against the workpiece.

Aspect 14

The 1impact tool as defined in any one of aspects 7 to 13,
further comprising:

a second detection part configured to detect a movement
of the body housing around the driving axis, wherein:

the driving mechanism 1s further configured to perform an
operation ol rotating the tool accessory around the
driving axis by the power of the motor, and

the second detection part 1s disposed 1n the handle.
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When the tool accessory 1s rotationally driven, the body
housing may be caused to excessively rotate around the
driving axis, for example, by the tool accessory being locked
into the workpiece. The second detection part may be used
to detect such a so-called excessive rotation. The second
detection part may be disposed in the handle in which
vibration 1s reduced compared with the body housing, so that
the second detection part can be protected from vibration.
Further, the second detection part may of any type, as long
as 1t 1s capable of detecting a movement of the body housing

around the driving axis, and, for example, an acceleration
sensor may be suitably adopted as the second detection part.

Aspect 15

The impact tool as defined 1n any one of aspects 7 to 14,
wherein:

the driving mechamsm further includes an idle-driving-

prevention mechanism configured to prevent an idle
driving operation, and

the handle 1s configured to be placed in the second

position at the same time when or after a function of
preventing the idle driving operation 1s released 1n
response to a push of the tool accessory 1nto the body
housing.

Preventing the 1dle driving operation 1n the present aspect
may refer to preventing the operation of linearly driving the
tool accessory 1n the unloaded state, and may be realized, for
example, by impeding an operation of a portion of the
driving mechanism. Any known structure may be adopted as
the 1dle-dnving-prevention mechanism. According to the
present aspect, the operation of linearly driving the tool
accessory can be immediately started when the rotation
speed of the motor 1s increased to the second rotation speed,
so that excellent working efliciency can be secured. It 1s
noted that the timing control according to the present aspect
may be typically realized by appropnately setting specifi-
cations (such as spring constant) of the elastic member.

Aspect 16

The 1impact tool as defined 1n aspect 7, further comprising;:

a third detection part configured to detect a load on the

tool accessory, wherein:

the control part 1s configured to control the rotation speed

of the motor based on detection results of the first
detection part and the third detection part, and

the control part 1s configured to drive the motor at a first

rotation speed when the handle 1s placed 1n a first
position relative to the body housing and the load on the
tool accessory does not exceed a threshold, and to drive
the motor at a second rotation speed higher than the first
rotation speed when the handle moves forward from the
first position to a second position relative to the body
housing or when the load on the tool accessory exceeds
the threshold.

According to the present aspect, when the tool accessory
1s not striking the workpiece, the motor can be prevented
from being unnecessarily driven at high speed, so that
vibration of the body housing can be suppressed. Further,
according to the present aspect, by preventing the motor
from being unnecessarily driven at high speed, consumption
of the battery can be suppressed and the available time
(runtime), which 1s important for the battery-powered
impact tool, can be improved. Moreover, by using the load
which 1s separately detected by the third detection part, in
addition to the relative position of the handle, the shift from
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the unloaded state to the loaded state can be more reliably
detected 1n various operation states.

In the present aspect, both the first rotation speed and the
second rotation speed may be preset. Alternatively, both of
the first rotation speed and the second rotation speed may be
set via an operation member which 1s operated by a user, or
one of the rotation speeds may be set via the operation
member and the other rotation speed may be accordingly set
by the control part. Both the first rotation speed and the
second rotation speed may be set to a larger value than zero.
Further, the control part need not always drive the motor at
the second rotation speed higher than the first rotation speed
aiter the handle relatively moves from the first position to
the second position. Specifically, under certain conditions,
the control part may allow the motor to continue driving at
the first rotation speed even after the handle relatively moves
to the second position.

Aspect 17

The impact tool as defined 1n aspect 16, wherein the third
detection part 1s configured to detect a driving current of the
motor as the load.

It 1s known that the driving current of the motor increases
as the load on the tool accessory increases. According to the
present aspect, information of a different kind from the
relative position of the handle can be detected with a simple
structure and used as the load on the tool accessory.

Aspect 138

The impact tool as defined 1n aspect 16 or 17, wherein:

the motor 1s capable of driving at higher speed than the

second rotation speed, and

the control part 1s configured to drive the motor at a

maximum rotation speed when the handle relatively
moves Irom the first position to the second position and
the load exceeds the threshold.

According to the present aspect, working efliciency can be
maximized when the loaded state 1s more reliably deter-
mined from the detection results of the first and third
detection parts.

Aspect 19

The impact tool as defined 1n any one of aspects 7 or 18,
further comprising a battery removably mounted to the
battery-mounting part.

Aspect 20

An upper end portion of the handle 1s connected to a rear
end portion of the body housing via an elastic member so as
to be movable relative to the body housing,

a lower end portion of the handle 1s connected to the rear

end portion of the body housing so as to be rotatable
around a rotation axis relative to the body housing, the

rotation axis extending 1n a left-right direction, and
the first detection part 1s disposed in the upper end portion

of the handle

Aspect 21

The first detection part 1s disposed 1n the vicimity of the
clastic member.



US 11,904,449 B2

23
Aspect 22

The battery-mounting part 1s disposed in the handle.

The mmpact tool as defined 1n aspects 7 to 22 1s not limited
to the hammer drill 1 of the above-described embodiment.
For example, the following modifications may be made.
Further, one or more of these modifications may be
employed in combination with any one of the hammer drill
1 of the above-described embodiment, 1ts modifications and
the 1mpact tool as defined 1n each of these aspects.

In the above-described embodiment, the hammer drill 1 1s
described as an example of the impact tool configured to
linearly drive the tool accessory 91, but the aspects 7 to 22
can also be applied to other impact tools (such as an electric
hammer). The structures and arrangement relations of the
motor 2, the driving mechanism 3, the body housing that
houses the motor 2 and the driving mechanism 3, and the
handle 15 including the grip part 16 may be appropriately
modified or changed according to the impact tool.

The structure of elastically connecting the body housing
10 and the handle 15 may be appropriately changed. For
example, the upper and lower end portions of the handle 135
may be connected to the body housing 10 via one or more
clastic members so as to be movable in the driving-axis-Al
direction (front-rear direction). Alternatively, only the upper
end portion of the handle 15 may be elastically connected to
the body housing 10 1n a cantilever manner. Further, the
clastic member 1s not limited to the compression coil spring,
but a different kind of spring, rubber or synthetic resin may
be employed. It may be preferable that the position sensor 45
1s disposed 1n the vicimity of the elastic member, but the
position sensor 45 may be disposed elsewhere, 1n the upper
end portion or the lower end portion of the handle 15.
Alternatively, the position sensor 45 may be disposed on the
body housing 10 side.

The battery-mounting part 171 may be provided not on
the handle 15 but on the body housing 10. Further, a plurality
of batteries can be mounted to the impact tool.

The position sensor 45 may be changed to any other
detection mechanism, as long as 1t 1s capable of detecting the
position of the handle 15 relative to the body housing 10. For
example, a sensor of a non-contact type (such as an optical
type) other than the magnetic field detection type or a
contact type detection mechanism (such as a mechanical
switch) may be adopted.

The acceleration sensor unit 47 may be omitted. Further,
the acceleration sensor unit 47 may be disposed not 1n the
handle 15 but 1n the body housing 10. The acceleration
sensor unit 47 may preferably be disposed as far away from
the driving axis Al as possible, 1n order to properly detect
a movement of the body housing 10 around the driving axis
Al.

The content of soft-no-load control of the above-de-
scribed embodiment may be appropriately changed. For
example, the ratio of the first rotation speed to the second
rotation speed may be set to other than one half. Further,
both the first rotation speed and the second rotation speed
may be preset or may be set via the speed-change dial unit
43 or other operation members.

The controller 41 may use a preset rotation speed (re-
ferred to as a no-load rotation speed) as the first rotation
speed and use a rotation speed set with the speed-change dial
unit 43 as the second rotation speed. When the rotation speed
set with the speed-change dial unit 43 1s equal to or below
the no-load rotation speed, the controller 41 may use the
rotation speed set with the speed-change dial unit 43 as the
first rotation speed, and continue driving at the first rotation
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speed while the switch 163 1s 1n the ON state, regardless of
the relative position of the handle 15. Further, the controller
41 may use the rotation speed set with the speed-change dial
unit 43 as the rotation speed corresponding to the maximum
amount ol depressing operation of the trigger 161, and
change the rotation speed according to the amount (percent-
age) of the depressing operation of the trigger 161. In this
case, 1n the unloaded state, the controller 41 may drive the
motor 2 at the rotation speed corresponding to the amount of
the depressing operation when 1t 1s equal to or below the
no-load rotation speed, and drive the motor 2 at the no-load
rotation speed when the rotation speed corresponding to the
amount of the depressing operation exceeds the no-load
rotation speed. In other words, 1n any case, 1n the unloaded
state, the controller 41 may control the rotation speed of the
motor 2 not to exceed the no-load rotation speed.

In the above-described embodiment, the controller 41
returns (reduces) the rotation speed of the motor 2 to the first
rotation speed when a specified time (longer than zero)
clapses after the upper connection part 19 moves rearward
from the OFF position toward the rearmost position. How-
ever, the controller 41 may immediately return the rotation
speed of the motor 2 to the first rotation speed when the
upper connection part 19 moves rearward from the OFF
position toward the rearmost position. In other words, the
specified time may be zero. In this case, the control can be
realized which 1s excellent 1n responsiveness to a release of
the operation of pressing the tool accessory against the
workpiece by a user. Further, the specified time may be
preset and stored 1n the ROM or other nonvolatile memory
at the time of factory shipment, or may be set via some
operation member by a user.

In the above-described embodiment, the controller 41 1s
formed by a microcomputer including the CPU, but may be
formed, for example, by a programmable logic device such
as ASIC (Application Specific Integrated Circuits) and
FPGA (Field Programmable Gate Array). The driving con-
trol processing in the above-described embodiment and its
modifications may be distributed to a plurality of control
circuits.

Correspondences between the features of the above-de-
scribed embodiment and the features of aspects 7 to 22 are
as follows. However, these correspondences given here are
non-limiting examples. The hammer drill 1 1s an example
that corresponds to the “impact tool”. The motor 2 1s an
example that corresponds to the “motor”. The drniving
mechanism 3 1s an example that corresponds to the “driving
mechanism™. The driving axis Al 1s an example that corre-
sponds to the “driving axis”. The tool accessory 91 1s an
example that corresponds to the “tool accessory™. The body
housing 10 1s an example that corresponds to the “body
housing”. The handle 15, the grip part 16 and the elastic
member 191 are examples that correspond to the “handle”,
the “grip part” and the “elastic member”, respectively. The
battery-mounting part 171 and the battery 93, 930 are
examples that correspond to the “battery-mounting part™ and
the “battery”, respectively. The position sensor 45 1s an
example that corresponds to the “first sensor”. The controller
(CPU) 41 1s an example that corresponds to the “control
part”. The rearmost position of the handle 15 1s an example
that corresponds to the “first position”. The OFF position of
the handle 13 1s an example that corresponds to the “second
position”. The acceleration sensor unit 47 1s an example that
corresponds to the “second sensor”. The idle-driving-pre-
vention mechanism 38 1s an example that corresponds to the
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“1dle-dniving-prevention mechanism”. The current detection
amplifier 4235 1s an example that corresponds to the “third
detection part”.

DESCRIPTION OF NUMERALS

1: hammer drill, 10: body housing, 11: driving-mecha-
nism-housing part, 111: support wall, 113: stopper part, 12:
motor-housing part, 121: protruding part, 123: opening, 15:
handle, 16: grip part, 161: trigger, 163: switch, 17: control-
ler-housing part, 171: battery-mounting part, 172: guide rail,
173: recess, 18: lower connection part, 181: shatt part, 183:
recess, 183: elastic member, 19: upper connection part, 190:
spring-receiving part, 191: elastic member, 193: clongate
hole, 2: motor, 20: motor body, 21: stator, 23: rotor, 25:
motor shaft, 26: small bevel gear, 3: driving mechanism, 30:
motion-converting mechanism, 31: intermediate shaft, 311:
large bevel gear, 32: rotary body, 33: swinging member, 34:
sleeve, 35: piston cylinder, 36: striking mechanism, 361:
striker, 363: impact bolt, 37: rotation-transmitting mecha-
nism, 38: 1dle-dniving-prevention mechanism, 381: holding
member, 383: O-ring, 39: tool holder, 41: controller, 421:
three phase 1inverter, 423: Hall sensor, 4235: current detection
amplifier, 43: speed-change dial unit, 45: position sensor,
450: board, 46: magnet, 47: acceleration sensor unit, 49:
wireless adapter, 490: adapter-mounting part, 491: housing,
part, 492: msertion port, 493: cap, 91: tool accessory, 93:
battery, 930: battery, 932: gmide groove, 933: hook, 95:
auxiliary handle, Al: drniving axis, A2: rotation axis, G:
center of gravity

What 1s claimed 1s:

1. An 1mpact tool, comprising:

a motor;

a driving mechanism configured to linearly drive a tool
accessory along a driving axis by power of the motor,
the drniving axis extending in a front-rear direction of
the 1mpact tool;

a body housing that houses the motor and the driving
mechanism;

a handle connected to the body housing via an elastic
member to be movable relative to the body housing, the
handle including a grip part configured to be held by a
user;

a position detection device configured to detect when the

handle 1s 1in different positions relative to the body

housing; and
a control device configured to control rotation speed of
the motor based on a position detection result of the
position detection device, wherein:
the control device 1s configured to drive the motor (1) at
a first rotation speed when the position detection device
detects that the handle 1s 1n a first rearward position
relative to the body housing and (11) at a second rotation
speed higher than the first rotation speed when the
position detection device detects that the handle has
moved to a second position relative to the body housing
from the first rearward position, the second position
being forward of the first rearward position; and
the control device 1s configured to reduce the rotation
speed from the second rotation speed to the first rota-
tion speed when a specified time elapses aiter the
handle moves from the second position toward the first
rearward position.
2. The impact tool as defined in claim 1, wherein a
distance between the grip part and the body housing 1n the
front-rear direction when the handle 1s 1n the second position
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1s shorter than a distance between the grip part and the body
housing in the front-rear direction when the handle 1s in the
first rearward position.

3. The impact tool as defined 1n claim 1, wherein the
control device 1s configured to immediately increase the
rotation speed from the first rotation speed to the second
rotation speed 1n a step manner when the handle moves to
the second position from the first rearward position.

4. The impact tool as defined 1n claim 1, wherein the
control device 1s configured to gradually increase the rota-
tion speed from the first rotation speed to the second rotation
speed over time 1n a ramp manner when the handle moves
to the second position from the first rearward position.

5. The impact tool as defined in claim 1, wherein the first
rotation speed 1s half the second rotation speed or below.

6. The impact tool as defined 1n claim 1, wherein the
control device 1s configured to drive the motor at (1) the first
rotation speed when the grip part and the body housing are
apart from each other by at least a first distance and (11) the
second rotation speed when the grip part and the body
housing are apart from each other by a second distance
shorter than the first distance.

7. An 1mpact tool, comprising:

a motor;

a driving mechanism configured to linearly drive a tool
accessory along a driving axis by power of the motor,
the driving axis extending in a front-rear direction of
the impact tool;

a body housing that houses the motor and the driving
mechanism;

a handle connected to the body housing via an elastic
member to be movable relative to the body housing, the
handle icluding a grip part configured to be held by a
user;

a first detection device configured to detect a position of
the handle relative to the body housing; and

a control device configured to control rotation speed of
the motor based on a detection result of the first
detection device,

wherein the first detection device 1s a magnetic field
SeNsor.

8. The impact tool as defined in claim 7, wherein the first

detection device 1s 1n the handle.

9. The impact tool as defined to claim 7, further compris-
ng:

a second detection device configured to detect a load on

the tool accessory,

wherein the control device 1s configured to drive the
motor (1) at a first rotation speed when the first detec-
tion device detects that the handle 1s 1n a first rearward
position relative to the body housing and the load on the
tool accessory detected by the second detection device
does not exceed a threshold, (11) at a second rotation
speed higher than the first rotation speed when the first
detection device detects that the handle has moved to a
second position relative to the body housing from the
first rearward position, the second position being for-
ward of the first rearward position, and (111) at the
second rotation speed when the load on the tool acces-
sory detected by the second detection device exceeds
the threshold.

10. The impact tool as defined 1n claim 9, wherein the
second detection device 1s configured to detect a driving
current of the motor as the load.

11. The impact tool as defined 1n claim 9, wherein:

the motor 1s capable of driving at a maximum rotation
speed that 1s higher than the second rotation speed, and




US 11,904,449 B2

27

the control device 1s configured to drive the motor at the
maximum rotation speed when the handle 1s in the
second position and the load exceeds the threshold.

12. The impact tool as defined i claim 7, further com-
prising a battery-mounting part configured to removably 3
receive a battery, the battery being a power source of the
motor.

13. The mmpact tool as defined in claim 12, further
comprising a battery removably mounted to the battery-
mounting part. 10

14. An impact tool, comprising:

a motor;

a driving mechanism configured to linearly drive a tool
accessory along a driving axis by power of the motor,
the driving axis extending in a front-rear direction of 15
the 1mpact tool;

a body housing that houses the motor and the driving
mechanism;

a handle connected to the body housing via an elastic
member to be movable relative to the body housing, the 20
handle including a grip part configured to be held by a
user;

a first detection device configured to detect a position of
the handle relative to the body housing;

a control device configured to control rotation speed of 25
the motor based on a detection result of the first
detection device; and

a second detection device,

wherein:

the driving mechanism 1s further configured to rotate the 30
tool accessory around the driving axis by the power of
the motor,

the second detection device 1s configured to detect move-
ment of the body housing around the driving axis, and

the second detection device 1s 1n the handle. 35

15. An impact tool, comprising:

a moftor;

a driving mechanism configured to linearly drive a tool
accessory along a driving axis by power of the motor,
the driving axis extending in a front-rear direction of 40
the 1mpact tool;

a body housing that houses the motor and the drniving
mechanism;

a handle connected to the body housing via an elastic
member to be movable relative to the body housing, the 45
handle including a grip part configured to be held by a
user;

a first detection device configured to detect a position of
the handle relative to the body housing; and

28

a control device configured to control rotation speed of
the motor based on a detection result of the first
detection device, wherein

the driving mechanism includes an 1dle-driving-preven-
tion mechanism configured to prevent an 1dle driving
operation, and

the handle 1s configured to be placed in the second
position at the same time when or after a function of
preventing the idle driving operation i1s released in
response to a push of the tool accessory mto the body
housing.

16. An 1mpact tool, comprising:;

a motor;

a driving mechanism configured to linearly drive a tool
accessory along a driving axis by power of the motor,
the driving axis extending in a front-rear direction of
the impact tool;

a body housing that houses the motor and the driving
mechanism;

a handle connected to the body housing via an elastic
member to be movable relative to the body housing, the
handle including a grip part configured to be held by a
user;

a position detection device configured to detect when the

handle 1s 1n different positions relative to the body

housing; and

a control device configured to control rotation speed of
the motor based on a position detection result of the
position detection device, wherein:

the control device 1s configured to drive the motor (1) at
a first rotation speed when the position detection device
detects that the handle 1s 1n a first rearward position
relative to the body housing and (11) at a second rotation
speed higher than the first rotation speed when the
position detection device detects that the handle has
moved to a second position relative to the body housing
from the first rearward position, the second position
being forward of the first rearward position;

the control device i1s configured to drive the motor at (1)
the first rotation speed when the grip part and the body
housing are apart from each other by at least a first
distance and (11) the second rotation speed when the
orip part and the body housing are apart from each
other by a second distance shorter than the first dis-
tance; and

the first detection device 1s a magnetic field sensor 1n the

handle.
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